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Fig. S1 Schematic diagram of soil collection along the Changbai Mountain elevational gradient and the laboratory microcosm incubation experiment.
[bookmark: OLE_LINK12][bookmark: OLE_LINK13]Fig. S2 Principal co-ordinates analysis (PCoA) based on the Bray–Curtis dissimilarity index of mite (A) and springtail (B) community composition. NAS: native-altitude mesofauna - worked soil; LAS: low-altitude mesofauna - worked soil; TAS: native- and low-altitude mesofauna together-worked soil.
[bookmark: OLE_LINK54][bookmark: OLE_LINK65][bookmark: OLE_LINK16][bookmark: OLE_LINK59]Fig. S3 Community composition at the phylum level of soil bacteria (A) and fungi (B) under different soil mesofauna treatments. 0M: no mesofauna - worked soil; LAS: low-altitude mesofauna - worked soil; NAS: native-altitude mesofauna - worked soil; TAS: native- and low-altitude mesofauna together-worked soil.
[bookmark: OLE_LINK61][bookmark: OLE_LINK66][bookmark: OLE_LINK60]Fig. S4 Non-metric multidimensional scaling (NMDS) plots of soil bacterial (A) and fungal (B) communities under different soil mesofauna treatments. 0M: no mesofauna - worked soil; LAS: low-altitude mesofauna - worked soil; NAS: native-altitude mesofauna - worked soil; TAS: native- and low-altitude mesofauna together-worked soil.

[bookmark: OLE_LINK5]Table S1 Relative abundance of soil mites (Acari) under different treatments.
	Mite_Family
	Mite_Genus
	Mite_Species
	NAS
	LAS
	TAS

	Achipteriidae
	Achipteria
	Achipteria coleoptrata
	++
	-
	++

	Brachychthoniidae
	Synchthonius
	Synchthonius elegans
	+
	-
	+

	Brachychthoniidae
	Liochthonius
	Liochthonius sellnicki
	-
	+
	+

	Camisiidae
	Platynothrus
	Platynothrus peltifer
	++
	-
	++

	Cepheusidae
	Cepheus
	Cepheus cepheiformis
	-
	++
	++

	Ceratozetidae
	Ceratozetes
	Ceratozetes gracilis
	-
	+
	+

	Ceratozetidae
	Trichoribates
	Trichoribates sp.
	++
	+
	++

	Ceratozetidae
	Trichoribates
	Trichoribates berlesei
	++
	++
	++

	Crotoniidae
	 Heminothrus
	Heminothrus yamasakii
	-
	++
	++

	Crotoniidae
	Heminothrus
	Heminothrus longisetosus
	++
	-
	++

	Crotoniidae
	Camisia
	Camisia biurus
	+
	-
	+

	Crotoniidae
	Camisia
	Camisia solhoeyi
	+
	+
	+

	Damaeidae
	Dyobelba
	Dyobelba biclavata
	+
	-
	+

	Damaeidae
	Tokukobelba
	Tokukobelba compta
	++
	++
	++

	Damaeidae
	Porobelba
	Porobelba spinosa
	++
	++
	++

	Damaeidae
	Epidamaeus
	Epidamaeus sp.
	++
	++
	++

	Eniochthoniidae
	Eniochthonius
	Eniochthonius minutissimus
	++
	++
	++

	Eulohmanniidae
	Eulohmannia
	Eulohmannia ribagai
	+
	-
	+

	Euphthiracaridae
	Acrotritia
	Acrotritia hauseri
	++
	-
	++

	Galumnidae
	Acrogalumna
	Acrogalumna sp.
	-
	++
	++

	Hermanniellidae
	Hermanniella
	Hermanniella granulate
	+
	+
	+

	Hypochthoniidae
	Hypochthonius
	Hypochthonius rufulus
	-
	++
	++

	Liacaridae
	Birsteinius
	Birsteinius sp.
	++
	-
	++

	Liacaridae
	Birsteinius
	Birsteinius neonominatus
	-
	++
	++

	Liebstadiidae
	Liebstadia
	Liebstadia similis
	-
	++
	++

	Malaconothridae
	Malaconothrus
	Malaconothrus pygmaeus
	+
	++
	++

	Nanhermanniidae
	Nanhermannia
	Nanhermannia nana
	+
	-
	+

	Nothridae
	Nothrus
	Nothrus silvestris
	+
	+
	+

	Oppiidae
	Lauroppia
	Lauroppia neerlandica
	+++
	+++
	+++

	Parhypochthoniidae
	Parhypochthonius
	Parhypochthonius aphidinus
	+
	-
	-

	Phenopelopidae 
	Eupelops
	Eupelops contaminatus
	-
	-
	+

	Phthiracaridae
	Austrophthiracarus
	Austrophthiracarus inusitatus
	+
	++
	++

	Protoribatidae
	Protoribates
	Protoribates lophothrichus
	-
	++
	++

	Protoribatidae
	Protoribates
	Protoribates oblongus
	-
	+
	+

	Protoribatidae
	Protoribates
	Protoribates capucinus
	-
	++
	++

	Suctobelbidae
	Allosuctobelba
	Allosuctobelba grandis
	+
	-
	+

	Tectocepheidae
	Tectocepheus
	Tectocepheus velatus
	+++
	+++
	+++

	Trhypochthoniidae
	Trhypochthoniellus
	Trhypochthonius tectorum
	+
	+
	+


[bookmark: OLE_LINK8][bookmark: OLE_LINK10]‘-’, absent; ‘+’, Relative abundance≤1%; ‘++’, Relative abundance 1%~10%; ‘+++’, Relative abundance ≥10%. NAS, native-altitude mesofauna; LAS, low-altitude mesofauna; TAS, native and low -altitude mesofauna.

Table S2 Relative abundance of soil springtails (Collembola) under different treatments.
	Springtail_Family
	Springtail_Genus
	Springtail_Species
	NAS
	LAS
	TAS

	Onychiuridae
	Allonychiurus
	Allonychiurus songi
	++
	++
	++

	Isotomidae
	Desoria
	Desoria tigrina 
	++
	-
	++

	Hypogastruridae
	Ceratophysella
	Ceratophysella succinea
	++
	++
	++

	Neanuridae
	Deutonura
	Deutonura sp.
	+
	-
	++ 

	Neanuridae
	Deutonura
	Deutonura cf. muscorum
	++
	++
	+

	Neanuridae
	Friesea
	Friesea sp.
	++
	++
	+++

	Isotomidae
	Folsomia
	Folsomia octooculata
	++
	+++
	++

	Entomobryidae
	Sinella
	Sinella umesaoi
	++
	-
	++

	Hypogastruridae
	Xenylla
	Xenylla changlingensis
	++
	-
	++

	Onychiuridae
	Heteraphorura
	Heteraphorura seolagensis
	++
	++
	++

	Isotomidae
	Tetracanthella
	Tetracanthella wui
	+
	-
	+

	Isotomidae
	Heteroisotoma
	Heteroisotoma sinorossica
	++
	++
	++

	Onychiuridae
	Leeonychiurus
	Leeonychiurus gulinensis
	++
	+++
	++

	Isotomidae
	Desoria
	Desoria sp.
	++
	-
	+

	Isotomidae
	Isotoma
	Isotoma sp.
	+
	+++
	++

	Entomobryidae
	Entomobrya
	Entomobrya koreana
	+
	-
	+

	Entomobryidae
	Homidia
	Homidia koreana
	+++
	+++
	++

	Tomoceridae
	Tomocerus
	Tomocerus similis
	++
	-
	+

	Onychiuridae
	Hymenaphorura
	Hymenaphorura nearctica
	+++
	++
	+++

	Isotomidae
	Parisotoma
	Parisotoma hyonosenensis
	++
	++
	++

	Onychiuridae
	Protaphorura
	Protaphorura changbaiensis 
	+
	++
	++

	Isotomidae
	Isotomidae
	Semicerura goryshini
	+
	-
	++

	Onychiuridae
	Sensillonychiurus
	Sensillonychiurus virginis
	++
	-
	++

	Odontellidae
	Superodontella
	Superodontella sp.
	++
	-
	++

	Isotomidae
	Subisotoma
	Subisotoma sp.
	+
	-
	++


[bookmark: OLE_LINK37][bookmark: OLE_LINK11] ‘-’, absent; ‘+’, Relative abundance≤1%; ‘++’, Relative abundance 1%~10%; ‘+++’, Relative abundance ≥10%. NAS, native-altitude mesofauna; LAS, low-altitude mesofauna; TAS, native and low -altitude mesofauna.
[bookmark: OLE_LINK206][bookmark: OLE_LINK276][bookmark: OLE_LINK204][bookmark: OLE_LINK7][bookmark: OLE_LINK4][bookmark: OLE_LINK3]Table S3 Physicochemical properties of the experimental soils. Values represent means ± standard errors (n = 3). Abbreviation: TN: total nitrogen; TC: total carbon; pH: potential of hydrogen; SOC: Soil organic carbon; TP: Total Phosphorus; AN: available nitrogen; AP: available phosphorous; NH4+-N: Ammonium nitrogen; NO3--N: nitrate nitrogen; DOC: dissolved organic carbon.
	[bookmark: _Hlk222337572]

	[bookmark: OLE_LINK213][bookmark: OLE_LINK205]TN (g kg-1)
	TC (g kg-1)
	pH
	SOC (g kg-1)
	[bookmark: OLE_LINK214]TP (mg kg-1)
	AN (mg kg-1)
	AP (mg kg-1)
	NH4+-N (mg kg-1)
	NO3--N (mg kg-1)
	DOC (mg kg-1)

	[bookmark: OLE_LINK212]0M
	3.69±1.07
	58.73±20.94
	4.77±0.18
	57.79±17.16
	438±56.96
	311.08±91.82
	17.63±2.50
	18.98±3.52
	2.21±1.32
	288.43±72.18

	NAS
	4.70±0.18
	79.64±3.59
	4.61±0.06
	80.71±7.86
	493.14±4.58
	381.41±13.45
	18.11±2.22
	24.6±2.99
	1.53±0.22
	357.63±18.89

	LAS
	2.28±0.18
	28.70±2.30
	5.06±0.07
	28.75±0.47
	310.78±13.06
	148.35±10.09
	13.23±0.67
	11.39±1.76
	2.20±0.33
	179.13±14.75

	TAS
	3.16±1.56
	49.72±33.84
	4.97±0.25
	48.55±29.88
	377.66±106.27
	238.7±123.32
	13.69±2.56
	14.45±8.63
	1.94±0.05
	225.83±97.06


0M: no mesofauna - worked soil, LAS: low-altitude mesofauna - worked soil, NAS: native-altitude mesofauna - worked soil, TAS: native- and low-altitude mesofauna together-worked soil.

Table S4 Individual ecosystem functions and properties used to calculate ecosystem multifunctionality.
	Ecosystem functions 
	Categories
	Reference

	CO2 emissions
	Nutrient cycling
	(Liu et al., 2019)

	N2O emissions
	Nutrient cycling
	(Luo et al., 2023; Liu et al., 2019)

	Soil total N
	Nutrient cycling
	(Wang et al., 2023b; Wan et al., 2022; Valencia et al., 2018; Gu et al., 2026)

	Soil available N
	Nutrient cycling
	(Wang et al., 2023b; Liu et al., 2019)

	Soil total C
	Nutrient cycling
	(Wang et al., 2023b)

	Soil total P
	Nutrient cycling
	(Wang et al., 2023b; Gu et al., 2026)

	Soil available P
	Nutrient cycling
	(Wang et al., 2023b; Zhu et al., 2023; Valencia et al., 2018; Gu et al., 2026; Liu et al., 2019)

	pH
	Nutrient cycling
	(Wang et al., 2023a; Gu et al., 2026)

	SOC
	Nutrient cycling
	(Wang et al., 2023b; Wan et al., 2022; Valencia et al., 2018; Gu et al., 2026; Liu et al., 2019)

	NH4+-N
	Nutrient cycling
	(Wang et al., 2023b)

	NO3--N
	Nutrient cycling
	(Wang et al., 2023b; Valencia et al., 2018)

	DOC
	Nutrient cycling
	(Wang et al., 2023b; Zhu et al., 2023)



[bookmark: OLE_LINK217][bookmark: OLE_LINK39]Table S5 Abundance of introduced mesofauna in each treatment following soil pre-incubation. 0M: no mesofauna-worked soil; LAS: low-altitude mesofauna-worked soil; NAS: native-altitude mesofauna-worked soil; TAS: native- and low-altitude mesofauna together-worked soil. Lowercase letters represent significance between different treatments.
	Abundance
	Mite
	[bookmark: OLE_LINK185]Springtail

	0M
	-
	-

	NAS
	568 ± 36.78 b 
	140 ± 6.68 b

	LAS
	395 ± 27.18 c
	55 ± 2.94 c

	TAS
	982 ± 54.31 a
	211 ± 9.81 a




[bookmark: OLE_LINK42]Table S6 Initial diversity of mesofauna introduced into each treatment following soil pre-incubation. NAS: native-altitude mesofauna-worked soil; LAS: low-altitude mesofauna-worked soil; TAS: native- and low- altitude mesofauna together-worked soil. Lowercase letters represent significance between different treatments.
	Treatment
	[bookmark: OLE_LINK222]Mite
	Springtail

	
	Shannon
	Chao1
	Shannon
	Chao1

	NAS
	3.65 ± 0.05c
	24.33 ± 2.05c
	3.92 ± 0.11a
	21.67 ± 0.94a

	LAS
	4.00 ± 0.06b
	21.00 ± 2.94b
	3.14 ± 0.12b
	12.00 ± 0.82b

	TAS
	4.19 ± 0.02a
	32.67 ± 1.89a
	4.07 ± 0.05a
	23.00 ± 0.82a





[bookmark: OLE_LINK43][bookmark: OLE_LINK221]Table S7 Topological properties of microbial networks. 0M: no mesofauna - worked soil; LAS: low- altitude mesofauna - worked soil; NAS: native-altitude mesofauna - worked soil; TAS: native- and low- altitude mesofauna together-worked soil.
	[bookmark: OLE_LINK67]Topological properties
	Bacteria
	Fungi

	
	0M
	NAS
	LAS
	TAS
	0M
	NAS
	LAS
	TAS

	Node
	200
	200
	200
	200
	175
	182
	178
	183

	Edge
	5814
	5523
	5770
	7253
	6558
	7026
	6573
	7844

	Average Degree
	58.14
	55.23
	57.7
	72.53
	74.95
	77.21
	73.85
	85.73

	Graph density
	0.292
	0.278
	0.29
	0.364
	0.431
	0.427
	0.417
	0.471

	Modularity
	0.637
	0.663
	0.639
	0.476
	0.381
	0.414
	0.414
	0.331
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[bookmark: OLE_LINK119]Fig. S1 Schematic diagram of soil collection along the Changbai Mountain elevational gradient and the laboratory microcosm incubation experiment.
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[bookmark: OLE_LINK45]Fig. S2 Principal co-ordinates analysis (PCoA) based on the Bray–Curtis dissimilarity index of mite (A) and springtail (B) community composition. NAS: native-altitude mesofauna - worked soil; LAS: low-altitude mesofauna - worked soil; TAS: native- and low-altitude mesofauna together-worked soil.
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[bookmark: OLE_LINK69]Fig. S3 Community composition at the phylum level of soil bacteria (A) and fungi (B) under different soil mesofauna treatments. 0M: no mesofauna - worked soil; LAS: low-altitude mesofauna - worked soil; NAS: native-altitude mesofauna - worked soil; TAS: native- and low-altitude mesofauna together-worked soil.
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Fig. S4 Non-metric multidimensional scaling (NMDS) plots of soil bacterial (A) and fungal (B) communities under different soil mesofauna treatments. 0M: no mesofauna - worked soil; LAS: low-altitude mesofauna - worked soil; NAS: native-altitude mesofauna - worked soil; TAS: native- and low-altitude mesofauna together-worked soil.
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